Cipmn, M. L. and Morgan, P. (1975). British Journal ofPreventive and Social Medicine, 29,[190][191][192][193][194][195]. The role of driver demerit points and age in the prediction ofmotor vehicle collisions. The records of drivers, selected from the file of licensed drivers in Ontario, were reviewed to study the relationship between demerit points, other driver characteristics, and the frequency or risk of future collisions and traffic convictions. A stratified sample of 500-600 drivers from each of five levels of demerit points was selected. Low-point drivers differed significantly from high-point drivers in age, sex, and class of licence; estimates of risk of collision or conviction in each demerit point group had to take account of these differences. Discriminant analysis was used to identify drivers likely to be involved in collisions or to be given traffic convictions, and to identify accidents involving injury or fatality. Of the traits considered (demerit points, age, sex, class of licence, history of previous accidents), demerit points represented the only variable of importance in predicting future collision involvement. Since it is the only one of these variables which can be altered by driver behaviour it offers an opportunity to prevent accidents.
Once they have passed the driving test, few drivers have their driving skills assessed except by the subjective opinions of fellow motorists and through receiving traffic tickets. The latter may lead to disciplinary action in the form of fines and, for multiple offences, to suspension of driving privileges. In order to administer such suspensions in a fair and systematic way, systems of demerit points have been developed in many parts of North America and in some countries in Europe. Points are assigned to each driver based on the number and type of convictions for traffic offences he has recently committed. In Ontario, for example, each of 26 traffic violations has been assigned a number of points depending on the presumed severity of the offence. Values range from seven points for 'failure to remain at the scene of an accident' to two points for 'unnecessarily slow driving'. Drivers who accumulate 15 or more points in a two year period lose their licences for periods of one to six months.
Several studies have shown that traffic offences indicate one's risk of collision. Brezina (1969) found an association between convictions for speeding and subsequent accident occurrence in Ontario. He also reported that characteristics such as age, sex, and size of urban settlement influenced both accident and violation frequencies but did not include these variables when relating accidents to the type of offence. The association between offences and accidents may thus be explained by these common factors. Drivers involved in pedestrian fatalities and single car crashes have been found to have substantially more previous traffic offences than control groups (Baker, Robertson, and O'Neill, 1974; and Schmidt et al., 1972) .
There are several reasons why traffic convictions should not be good predictors of subsequent collision. First, the actions of the driver leading up to a collision or a conviction may be quite different. One study which tested reaction time and other behaviour in drivers demonstrated that those who had had many convictions but had never had an accident performed significantly better than drivers who had a record of at least one collision but no convictions (Fergenson, 1971) . Secondly, it is often difficult to identify the violation which 'caused' a The role of driver demerit points and age in the prediction of motor vehicle collisions specific accident (Zylman, 1972) . Thirdly, the accumulation of convictions and the occurrence of collisions are not necessarily related to the same exposure factors. For example, the intensity of police surveillance in the neighbourhood affects the driver's frequency of conviction but may have little influence on his risk of collision.
The occurrence of traffic convictions is thus subject to many factors which should weaken its ability to predict subsequent traffic accidents. Nevertheless it is often assumed that frequent traffic convictions, as measured by an accumulation of demerit points, indicate poor driving ability and that bad drivers have more collisions. We wish to examine these assumptions in the light of other factors which are associated with both risk of accident and frequency of traffic violations: age, sex, class of licence, and history of previous collision involvement.
METHODS
We obtained information from the records of 2650 unidentified licensed drivers from the Ministry of Transportation and Communication in Ontario. Beginning in July 1966, a computer file of driver records was established; drivers were entered in the file either when they renewed their licence for the next three years, when a new licence was granted, or if the driver was involved in an accident or traffic offence. Each driver had a record covering an average of 2 5 years before July 1970 and a further 2 5 years from July 1970 to December 1972.
Drivers were selected for our study according to the number of demerit points outstanding on 1 July 1970. As shown in Table I , there were 3 5 million drivers in Ontario in 1970; 85% had two or fewer demerit points; only 0 * 3 % had 12 or more points. In order to have an adequate number of drivers with large numbers of points we used a stratified sample, choosing 500 to 600 drivers from each of five levels of demerit points by systematic sampling. One in 5000 drivers in the 0-2 point stratum up to one in 17 drivers in the 12 or more points stratum were selected in this way for a total of 2650 drivers. The number of drivers chosen in each stratum was sufficient to describe most variables adequately. One notable exception was the variable sex: women were very infrequent in the high-point strata, and some analyses were confined to male drivers only. We examined the age, sex, and class of licence of the drivers in each stratum and calculated the risk of collision or traffic convictions in the period July 1970 to December 1972 for each level of demerit points. Because substantial differences in age, sex, and class of licence existed between drivers in each stratum, these factors were accounted for by the use of specific or standardized rates.
We identified those drivers who, from their demerit points, age, sex, and other traits, appeared likely to be involved in collisions or further traffic violations by calculating a discriminant function based on these data. Three different classifications were attempted: I. drivers with one or more convictions and drivers with no convictions after 1 July 1970; 2. drivers with one or more collisions and drivers with no collisions after 1 July 1970;
3. for each collision, collisions resulting in personal injury or death and those resulting only in property damage. The variables studied for their ability to discriminate between these groups were those used in the earlier calculations (age, sex, class of licence; and demerit points) and one additional variable, history of a collision occurring before 1 July 1970. The calculations for discriminant analysis were carried out with the help of the BMD Biomedical Computer Program BMD07M (Dixon, 1973) . This program is a stepwise procedure: the variable with the greatest power to discriminate is used first in the analysis, followed by each variable which can contribute the most additional discrimination. The proportion ofcorrect classifications, as 'collisionfree' or 'conviction-free' for example, was then calculated as a measure of discriminatory power.
RESULTS
The average number of convictions and collisions, and the risk of involvement in at least one collision increased fairly steadily as demerit points increased (Table II) . The mean number of convictions rose from 0 53 in the lowest stratum to 2 73 in the highest. Similarly the mean number of collisions in the highest stratum was more than four times the mean number in the lowest point group. The proportion of drivers with at least one collision in the 24-year period tripled between the lowest and highest strata. These differences seem striking; however the drivers in each stratum differed substantially in traits known to be related to risk of accidents (Brezina, 1969) . As demonstrated in Table III , drivers in the high-point strata were younger, more often male, and more likely to have a chauffeur's licence compared with drivers in the low-point strata. The value of points as an indicator of accident or conviction risk will be evident only when the confounding effects of these factors have been taken into account. The collision risks for male drivers in each stratum, standardized for differences in age distribution, are shown in Table IV . The increasing risk with increasing demerit points is weaker after age adjustments have been made, but the risk for drivers with nine or more points remains more than double that of drivers in the 0-2 point group. Also shown in Table IV All variables 42-6 81-2 of drivers correctly classified in the 'no collision' group. The use of demerit points as a discriminating variable improves the percentage of correct classifications to 41*5 % and 78 9 % respectively; the addition of the remaining variables considered in the analysis raised the percentages to 42 6 % in the 'collision' group and to 81-2% in the 'no-collision' group. A total of 1105 collisions occurred to the drivers in the study. These collisions were classified as property damage only (65 5%), or personal injury or fatality (34 5%). Discriminant analysis was of little or no value in classifying each collision as one with property damage only or involving personal injury and fatality. The results are given in Table  VII . Classification of these collisions was very slightly improved over purely random allocation to 37-2% using the entire array of discriminator variables. Demerit points entered as a discriminator only after class of licence and age of driver. There was no attempt at this stage to study the role of specific types of violation and their relationship to later behaviour. Many specific violations occurred too rarely to give reliable evidence of any association if considered alone. The demerit point score may comprise a few violations with many points (for example, careless driving, travelling more than 30 mph above posted limit) or many violations with few points (for example, unnecessarily slow driving, improper right turn). More than half of the violations among the records in the study were for speeding; an earlier study (Brezina, 1969) found that speeding offences were more closely associated with subsequent collisions than other violations he considered.
There is undoubtedly substantial variation in the exposure of drivers in this study to the risk of collision or conviction: this is a variable which it was impossible to measure from the data available to us. Differences in the number of kilometres driven and the type of driving may explain a large part of the differences between men and women, and some of the differences between operator and chauffeur licences. 'Chauffeurs' may have a much more variable exposure than 'operators', since the former class includes all those who drive for a living (whether long-distance lorry drivers or drivers of taxis and delivery vans) as well as many who drive only for personal use.
It is possible that the greater risk of demerit points, collisions, and convictions in younger drivers is due simply to greater exposure. However, Campbell (1972) conducted a survey of young drivers (16-25 years) in British Columbia who had had an accident and contrasted them with drivers of the same sex but who were 26 years older, and found that the young men drove slightly less than their older controls. Furthermore, he found that the frequency of traffic conviction per person per kilometre was substantially higher for young male drivers aged 20-25 years, but slightly lower for those aged 16-19 years when compared with their older controls.
The inconsistency of the association between age and the risk of collision involvement was unexpected. Collision rates for men showed little change with age in most demerit point strata; the exceptions were drivers with 3-5 points and 6-8 points. It may be that driver control programmesinvolving interviews, retraining, and retesting of drivers with poor records-begin too late to be effective among young drivers. Although a warning letter is sent to each driver attaining six points, no attempt is made to alter driving behaviour until nine points have been assigned. In this stratum,
